There are complex reciprocal relationships between health and social, emotional and economic factors in aging populations. Social and affective neurosciences are rapidly developing an understanding of the mechanisms underlying these phenomena using sophisticated behavioural, neuroimaging and psychophysiological methods. These techniques are often complex and expensive, so are generally used in relatively small selected samples rather than in large-scale cohort studies. However, an understanding of the significance of these processes in health and well-being depends on integrating findings from social and affective neuroscience into population-level studies. The aim of this article is to describe how a population perspective on the determinants of health and well-being in old age articulates with the agenda of social, affective and economic neuroscience, particularly through the application of psychosocial biomarker research. Social and affective neuroscience and epidemiological approaches provide complementary research strategies for understanding the mechanisms linking social, emotional and economic factors with health risk. This will be illustrated primarily from findings from two studies conducted at University College London, the Whitehall II Study and the English Longitudinal Study of Ageing.
INTRODUCTION
A major goal in aging research is to understand what factors contribute to the maintenance of health and well-being as people grow older. Much of our knowledge is underpinned by longitudinal observational epidemiological population studies (Elwood, 1998) . Such studies have a number of components. First, the recruitment of a large, preferably representative, population of individuals who are screened to ensure that they do not already suffer from the endpoint under investigation (coronary heart disease, dementia, disability, etc.). Second, the measurement of exposure to the risk factors or biological factors being tested (e.g. loneliness, C-reactive protein levels and habitual physical activity), along with other factors known to influence the outcome. Third, the tracking of the population over time, assessing the development of the endpoints under investigation. Finally, multivariate analysis to test whether exposure to the putative risk factor is associated with the endpoint after covariates have been taken into account.
This basic study design has been used over the last century to identify many risk factors such as hazardous chemical exposures in specific occupational groups and the impact of smoking on lung cancer and coronary heart disease. It is also being used to identify many of the risk factors for diseases of old age, including high blood pressure, elevated cholesterol levels and excessive adiposity. Observational epidemiology is central to understanding the impact of psychosocial risk factors as well. For example, we recently meta-analysed observational cohort studies of the association between anger and hostility and future coronary heart disease (Chida and Steptoe, 2009a) . These studies involved more than 75 000 individuals with follow-up periods ranging from 2 to 33 years. The combined hazard ratio was 1.19 [95% confidence interval (CI) 1.05-1.35] for an association between anger or hostility and increased coronary heart disease in initially healthy population studies. Another recent meta-analysis from our research group highlighted the protective effect of regular physical activity on the development of dementia and Alzheimer's disease (Hamer and Chida, 2009) . Such epidemiological studies are more powerful than small scale investigations for convincing the research, policy and clinical communities of the importance of psychosocial and behavioural factors.
Observational epidemiological studies do not prove causality, since underlying factors may be associated both with risk exposure and health outcomes. For example, some common genetic factors underlying the tendency to exercise regularly and low depression levels have been identified, so relationships between physical activity and reduced risk of depression may not be causal (De Moor et al., 2008) . Nevertheless, this approach remains among the strongest methods available for assessing the possible psychosocial and economic determinants of health and well-being. Unfortunately, such studies typically need to be of large scale and long duration, since major disease events are rare. Retention of participants in longitudinal studies, and an ability to trace health outcomes in those who have attrited from the sample is essential.
Social and affective neurosciences operate on a different scale, investigating the links between life experience, brain function and biology at a detailed within-person level. Many of the methods of social neuroscience and economic neuroscience are difficult to implement in population-level studies involving several thousand participants, since the cost is currently prohibitive. But developments in psychosocial biomarker research provide opportunities to integrate some of the more detailed methodologies and findings described elsewhere in this special issue into population studies. Social and affective neuroscience and psychosocial biomarker research are complementary strategies for identifying the mechanisms relating the environment with health risk. The relevance of psychosocial biomarker research will be illustrated in this article with particular reference to studies of aging and the life course.
BIOLOGICAL MEASURES IN AGING POPULATION SURVEYS
There is a long tradition in medical science of assessing biological measures in clinical epidemiological investigations but their use in studies of social, emotional and economic factors is relatively new. The NIH Biomarkers Working Group defined a biomarker as 'a characteristic that is objectively measured and evaluated as an indicator of normal biological processes, pathogenic processes, or pharmacological responses to a therapeutic intervention' (Atkinson et al., 2001) . This definition includes parameters such as body weight along with the measures of physiological functions (blood pressure and respiratory function) and biochemical measures such as cholesterol, C-reactive protein and blood glucose. Psychosocial biomarker research is a component of this larger enterprise, focusing particularly on relationships between biological indicators and social, psychological and economic factors. A thorough review of biomarkers, their measurement and availability in different aging surveys has been published by Crimmins et al. (2008) , and further description of their use can be found in a recent publication from the National Academy of Sciences (Weinstein et al., 2008) .
The inclusion of biological measures in large-scale general purpose aging surveys is relatively a new development. The MacArthur studies of successful aging pioneered psychosocial biomarker research some 20 years ago by measuring a range of biological parameters in a cohort of high functioning older individuals. They operationalized the construct of allostatic load, the cumulative physiological toll exacted by efforts to adapt to life experience, and demonstrated that higher allostatic load predicted future impairment in cognitive and physical function (Seeman et al., 1997) . More recently the Health and Retirement Survey (HRS) included the series of biomarkers in a subsample in 2006, with measurement of anthropometry, blood pressure, peak flow, cheek cell collection for DNA extraction and blood spots for analysing glycated haemoglobin (HbA1c), total and high density lipoprotein cholesterol, C-reactive protein and other variables (Weir, 2008) . The English Longitudinal Study of Ageing (ELSA) is a multidisciplinary study of health, economic, cognitive and social factors and quality of life in a representative sample of non-institutionalized men and women aged 50 and older in England, and was designed to explore the unfolding dynamic relationships between health and functioning, social participation and networks, and economic position and well-being, as people grow older (Marmot et al., 2003) . The initial sample of just over 11 000 was recruited in 2002, and biological measures were added at wave 2 in 2004, with a second phase of biological data collection in wave 4 (2008/09). The Social Environment and Biomarkers of Aging Study (SEBAS) in Taiwan assessed a range of biomarkers in around 1000 individuals, including APOe genotypes, interleukin 6 (IL-6), insulin-like growth factor 1 (IGF-1) and urinary catecholamines and cortisol. Other more focused studies collect biological measures in the context of specific aspects of aging, such as the Dynamics of Health, Aging and Body Composition (Health ABC) Study.
These surveys vary greatly in the richness of their economic, psychosocial and cognitive data. For example, ELSA has an unusually comprehensive economic dataset with detailed questions about income, savings, pensions and wealth so as to characterize the complex financial profile of older individuals. Other studies have more limited economic data but more comprehensive assessments of physical function. Very few aging surveys have yet collected more than one wave of biomarker data. Repeated measures are vital, since single assessments can only provide evidence of association, and provide little idea about temporal trajectories. Studies of changes in biological function in relation to change in health and functional outcome provide vital additional information about likely causal pathways. Additionally, assessment at one point in time may provide an imprecise measure of long-term levels, and fail to reflect the cumulative impact of economic, social and psychological factors on biological processes and preclinical disease outcomes.
Biomarkers are important in population aging studies for a number of reasons. First, they provide objective data about health and functioning. Much survey work is based on self-report, and this may have limited accuracy in some older individuals because of failures in recall or self-presentation bias. Secondly, biomarkers provide information about important health outcomes that may not have been clinically diagnosed, and are not therefore effectively managed. Thirdly, these measures help our understanding of the mechanisms and pathways through which psychosocial and economic factors influence health and well-being.
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BIOLOGICAL INDICATORS OF DISEASE STATE
The different biological measures assessed in aging population cohorts fall into two broad groups. The first group is related to specific disease outcomes. Measures include blood cholesterol as a cardiovascular risk factor, blood pressure as an indicator of hypertension and as a risk factor for coronary heart disease and stroke, lung function measures such as peak flow for the identification of obstructive pulmonary disease and glycated haemoglobin or blood glucose for the assessment of diabetes. These measures provide direct information about health states that can be related to social, emotional and economic experience. In some cases, the information is valuable because it may help identify serious problems that have not been diagnosed clinically, so allowing researchers to estimate the 'clinical iceberg'. For example, in wave 2 of ELSA, 77% of men and 84% of women had total cholesterol levels above the recommended level of 5.00 mmol/l (193 mg/dl). A significant proportion of respondents (18% men and 16% women) had blood pressure levels in the hypertensive range, even though hypertension had never been diagnosed (Pierce et al., 2006) . These findings point to failures in primary prevention and unmet clinical needs. Other results have been more reassuring. An analysis of undiagnosed diabetes compared self-reported doctor diagnosed disease with measures of fasting plasma glucose that exceeded the threshold of !7.00 mmol. The weighted prevalence of diabetes was 9.1%, with only 1.7% having undiagnosed diabetes (Pierce et al., 2009) . Another valuable indicator of disease status is the haemoglobin level. Haemoglobin is the oxygen-carrying, ironcontaining molecule in red blood cells. Low haemoglobin defines anaemia and is most commonly caused by iron deficiency that arises when iron requirements exceed supply either through excessive blood loss or inadequate dietary supply. Anaemia in older individuals is associated with a wide range of complications, including increased risk for mortality, cardiovascular disease, cognitive dysfunction, longer hospitalization for elective procedures, reduced bone density and falls or fracture (Eisenstaedt et al., 2006) . ELSA shows a large increase in anaemia with age, from fewer than 2% in men <54 years to 20.9% in those aged 80 years or more (Pierce et al., 2006) . These disease indicators have important relationships with quality of life both cross-sectionally and longitudinally. For example, another ELSA analysis found cross-sectional relationships between poor lung function and quality of life, while longitudinal analyses over a 3-6-year period showed a stable long-term influence of impaired lung function on poor quality of life (Blane et al., 2008) . However, many of the more interesting associations between biological measures and well-being have emerged from analysis of the second group of biomarkers detailed below.
BIOLOGICAL INDICATORS OF HEALTH AND FUNCTIONAL DECLINE
The second set of biological measures assessed in aging surveys are general indicators of health and risk of functional decline in older ages that are not so directly related to individual diseases. These indicators supply data about future risk but do not typically define a specific illness. Some are associated with the increase risk of future disease and frailty including C-reactive protein, IL-6, fibrinogen and cortisol, while others may have both protective and potentially damaging effects such as IGF-1.
C-reactive protein is a marker of acute inflammation, and has been extensively studied as a novel cardiovascular risk factor. Meta-analysis of longitudinal observational studies indicates that both high C-reactive protein and IL-6 are independent risk factors for coronary heart disease (Danesh et al., 2008 (Danesh et al., , 2004 , although the causality of these associations is debated. They are related to other health problems in old age such as autoimmune conditions and type 2 diabetes as well, and there is growing evidence that both are related to depression (Howren et al., 2009) . For example, Bremmer et al. (2008) showed a positive association between raised IL-6 and C-reactive protein and depressive symptoms in a population-based study of men and women in the Netherlands aged 65 and over. However, most of the work on depression has been cross-sectional, making the direction of cause and effect uncertain. Theoretically, inflammation could contribute to depression through the activation of pathways related to sickness behaviour (Raison et al., 2006) , or depression might stimulate low level inflammation as part of the stress response.
We recently used the longitudinal biomarker data available within the Whitehall II Study to examine the temporal relationship between depressive symptoms and both C-reactive protein and IL-6 (Gimeno et al., 2009) . Over 3000 participants completed measures of depression and had blood drawn for the assessment of inflammatory markers at an 11-year interval. It was found that baseline levels of both C-reactive protein and IL-6 predicted the development of depressive symptoms at follow-up, independently of baseline depressive symptoms, age, gender and ethnicity. The relationship remained significant with a further adjustment for health behaviours (diet, physical activity, smoking and alcohol consumption), other biomarkers (adiposity, blood pressure and cholesterol), health status and medication. In contrast, depression at baseline did not predict C-reactive protein or IL-6 at follow-up, suggesting that inflammation is a predictor of depressive mood and not vice versa.
The associations between C-reactive protein and future depressive symptoms have been confirmed over a shorter follow-up period in ELSA .
Cortisol is another general indicator of risk, since it is involved in immune and metabolic regulation, and elevated levels are associated with abdominal adiposity, insulin resistance, diabetes, coronary heart disease and depression (Dekker et al., 2008; Herbert et al., 2006; Raison et al., 2006) . Cortisol also contributes to memory function across the life span, with evidence that long-exposure to high levels of glucocorticoids is associated with memory impairment and reduced hippocampal volume in the aging brain (Lupien et al., 2005) .
Inflammatory markers and cortisol are highly sensitive to psychosocial factors, as demonstrated both in acute behavioural stress experiments and in cross-sectional population and clinical studies (Dickerson and Kemeny, 2004; Steptoe et al., 2007) . They are therefore plausible pathways through which social and economic factors might influence health risk in older individuals.
Cortisol is secreted in a pulsatile fashion from the adrenal cortex, and there is a pronounced diurnal rhythm, with relatively high levels on waking, an increase for the first 30-45 min of the day, then a progressive decline thorough the day and evening. The cortisol awakening response (CAR) has been investigated extensively in relation to psychosocial factors following the initial observation that people experiencing chronic life stress showed a larger CAR (Schulz et al., 1998) . We recently meta-analysed 145 studies of the CAR, observing a consistent association between general life stress, job stress and an increased CAR, while people reporting fatigue or burnout show a reduced CAR (Chida and Steptoe, 2009b) . A heightened CAR has also been related to lower socioeconomic position in old age. Figure 1 shows results from a study of community dwelling men and women aged 70 years or over (range 65-80 years), in which socioeconomic position was indexed by the subjective social status 'ladder' (Adler et al., 2000) . It can be seen that the CAR was smaller and peaked earlier in the higher than lower status group, and this effect was independent of gender, body mass, abdominal adiposity, smoking and time of waking (Wright and Steptoe, 2005) . The CAR has also been found to track changes in chronic adversity over time. In an analysis of a subgroup from the Whitehall II Study, we assessed the CAR twice over a 3-year interval, together with measures of financial strain (Steptoe et al., 2005a) . Among men, those who reported a reduction in financial strain over the 3-year period showed a parallel diminution in the CAR.
Other social, psychological and economic factors appear to be related to different components of the cortisol profile. The relationship between psychological coping and the overall output of cortisol over the day was investigated in a sample of 542 men and women from the Whitehall II Study who were aged an average 60.9 years at the time of testing (O'Donnell et al., 2008) . Individuals who reported strong tendencies to cope with stress by engaging with the problem, or to cope by seeking social support, had lower cortisol output over the day, independently of age, gender, income, body mass, smoking, depression, self-related health or time of waking. This suggests that these types of coping may be adaptive from the biological perspective. Avoidant coping was unrelated to cortisol output. In contrast, negative psychosocial factors such as social isolation are associated with increased cortisol output over the day (Grant et al., 2009) . Observations of this type highlight the critical importance of multiple samples of cortisol, since different psychosocial factors may be related to different components of the diurnal profile. Fortunately, the development of salivary measures has permitted the repeated assessment to be made over the day in several large-scale studies, including aging cohorts such as HRS and ELSA. However, the methodological challenges of collecting data from large cohorts should not be underestimated, and there are important issues of quality control, sample timing, confounding and statistical analysis that need to be resolved (Adam and Kumari, 2009) .
A biological indicator that has a less consistent relationship with health in old age is IGF-1. This polypeptide plays an important role in growth, and low levels are associated with several disorders of old age including cardiovascular disease, cognitive decline, dementia, frailty and sarcopenia (Ceda et al., 2005) . Longitudinally, low IGF-1 also predicts future coronary heart disease (Juul et al., 2002) . IGF-1 levels typically decline with age, and higher levels appear to be neuroprotective, encouraging neural growth and synaptic formation in the central nervous system. It is interesting that in mid-life, levels are greater in people of higher socioeconomic status . This might imply that high IGF-1 levels are advantageous, but unfortunately, circulating levels have been positively related to risk of several cancers (Lann and LeRoith, 2008; Rowlands et al., 2009) . (Wright and Steptoe, 2005) .
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It has even been proposed that lifespan could be extended by lowering levels of IGF-1 and other growth factors, helping to guard against disorders involving cell proliferation (Sierra et al., 2009) . It is possible that low levels are beneficial at earlier stages of life, but lead to impairment in later life. These issues will be clarified through longitudinal studies of biological measures in older age cohorts. There is growing interest in biological indicators that are related to sustained health, rather than risk of disease and decline. One such may be vitamin D. Vitamin D has diverse effects on metabolism and immune function, and is crucial for bone health. It is thought that low levels may be anticarcinogenic and influence the risk of cardiovascular disease, diabetes and other conditions (SACN, 2007) , although the causality of these associations has not been established. This notion is supported by various lines of investigation. For example, the known winter-time increases in cardiovascular disease, and the higher prevalence in more northern compared to southern locations, parallel known variations in the prevalence of vitamin D deficiency (Zittermann et al., 2005) . Clinical studies report marked reductions in cardiovascular mortality following administration of active vitamin D or analogues to patients with end-stage renal disease, and low serum concentrations are associated with the risk of all cause and cardiovascular mortality (Teng et al., 2003 (Teng et al., , 2005 . Vitamin D deficiency is a well established problem among the elderly, and randomized controlled trials indicate that vitamin supplementation reduces the risk of falls (Bischoff-Ferrari et al., 2009) . The economic and social determinants of vitamin D have not been extensively studied; it is interesting, however, that vitamin D concentration partly accounted for the socioeconomic gradient in bone mineral density in one recent population-based study (Brennan et al., 2009) .
BIOLOGICAL MEASURES AND POSITIVE WELL-BEING AT OLDER AGES
A key objective of cohort studies of aging populations is to understand the economic, social and psychological determinants of sustained positive well-being and quality of life. There are complex reciprocal relationships between positive well-being, physical and mental health, and well-being itself has several dimensions. One aspect focuses on the notion of capability pioneered by Amartya Sen that emphasizes how optimal capacity for well-being and development depends on capabilities or freedoms such as bodily integrity, affiliation and control over the environment (Anand et al., 2009) . A second element is eudaimonic well-being, involving characteristics such as self-realization, sense of purpose, autonomy and personal growth. A third component is positive affect and happiness, which is linked with life satisfaction.
There is growing evidence that positive affect and well-being are associated with increased longevity in old age. Chida and Steptoe (2008) reported a meta-analysis of prospective observational cohort studies involving 35 studies of initially healthy populations and 35 studies of patient populations (coronary heart disease, cancer, renal failure, etc.). The follow-up periods ranged from 1 to 21 years. The combined hazard ratio for healthy population studies was 0.82 (95% CI 0.76-0.89), indicating a protective effect of psychological well-being on mortality. Effects in disease population were smaller (hazard ratio ¼ 0.98, CI 0.95-1.00). Interestingly, rather comparable associations were observed for studies that measured recent or current positive affect (joy, happiness and positive mood) and more trait-like dispositions such as optimism and life satisfaction. It is notable that the effects were independent of negative affect and depression, so did not merely mirror the known adverse effects of negative emotional states. Relationships with reduced morbidity are also being identified, with various measures of positive affect being associated with reduced incident coronary heart disease (Kubzansky and Thurston, 2007) , hypertension (Ostir et al., 2006) and resistance to infection (Cohen et al., 2006) .
These relationships probably depend in part on lifestyle, since there is some evidence that positive well-being is linked with favourable health habits (Pressman and Cohen, 2005) . Additionally, biological pathways are likely to contribute. Studies of aging cohorts are well suited to examining these biological processes. Most research to date has focused on positive affect rather than other aspects of well-being. This is no accident; there is growing evidence from affective neuroscience that negative emotional states stimulate autonomic and neuroendocrine pathways through activation of the limbic system and networked brain regions including areas in the brainstem and the anterior cingulate cortex (Gianaros et al., 2008) . It is plausible therefore that positive affect will have the reverse effect.
We have carried out a series of studies assessing the associations between positive affect and biological function in early old age using the Whitehall II cohort. In our first study, positive affect was inversely related to cortisol output over the day independently of age, gender, socioeconomic position, body mass, smoking and psychological distress (Steptoe et al., 2005b) . There were also differences in ambulatory blood pressure and heart rate over the day, and in fibrinogen (an inflammatory marker) responses to psychological stress. The association between positive affect and low cortisol was confirmed in a larger study of 2873 men and women aged 60 years on average, again independent of covariates including depressed mood (Steptoe et al., 2008a) . We also observed a relationship between higher positive affect and lower C-reactive protein and IL-6 concentration in women. A longitudinal study of an older age cohort of Wisconsin women found that positive affect predicted reduced glycated haemoglobin over a two-year period independently of age, education, income, marital status and baseline glycated haemoglobin levels (Tsenkova et al., 2007) . Other studies suggest a relationship of positive affect with increased heart rate variability, indicative of a healthy pattern of autonomic regulation (Bhattacharyya et al., 2008) . The implication is that low positive affect is accompanied by low level chronic activation of stress-related biological pathways.
Research on the biological correlates of eudaimonic wellbeing has been more limited. However, Ryff and colleagues have carried out studies relating six components of well-healthacceptance, purposes in life, personal growth, positive relationships with others, environmental mastery and autonomywith biomarkers in the sample of 135 Wisconsin women (mean age 74 years) mentioned earlier. Positive relationship scores were positively associated with higher levels of urinary epinephrine but negatively with waist circumference and glycated haemoglobin, while autonomy was positively related to greater urinary norepinephrine. Women reporting higher personal growth had flatter diurnal cortisol slopes (Ryff et al., 2006) . Some of these effects are not consistent with the notion that well-being is coupled with the favourable biological risk profile, since one would expect lower catecholamines and steeper cortisol slopes among individuals with greater well-being. In contrast, a later analysis showed that positive relationships were associated with lower plasma IL-6 after adjusting for age, education, marital status, medication, smoking and alcohol consumption (Friedman et al., 2007) .
The scales developed by Ryff to assess eudaimonic well-being have not proved to be psychometrically robust in UK population samples (Abbott et al., 2006) , so we have conceptualized well-being with different instruments. The CASP-19 is a quality of life measure based on a needs-satisfaction model, and has four scales: control, autonomy, pleasure and self-realization (Hyde et al., 2003) . High scores on the CASP-19 are associated with good self-reported sleep independently of age, gender, income, employment status and self-rated health (Steptoe et al., 2008b) . In new, unpublished analyses, we have tested the associations between psychological well-being assessed with the CASP-19 and two major inflammatory markers, C-reactive protein and IL-6, in 2574 members of the Whitehall II cohort. We found that CASP-19 scores were inversely associated with plasma IL-6 ( ¼ À0.36, s.e. ¼ 0.018, P ¼ 0.050) after controlling for age, gender, socioeconomic position, ethnicity, body mass, waist/hip ratio and employment status. These effects were driven primarily by high scores on the autonomy subscale ( ¼ À0.36, s.e. ¼ 0.018, P ¼ 0.046), although self-realization also contributed ( ¼ À0.035, s.e. ¼ 0.018, P ¼ 0.054). High levels of autonomy are also correlated with lower C-reactive protein concentration after adjustment for these covariates plus depression ( ¼ À0.51, s.e. ¼ 0.022, P ¼ 0.019). These effects are potentially meaningful at the population health level. Plasma C-reactive protein, e.g. was 16.2% higher on average in the highest compared with the lowest autonomy quartile, after adjustment for covariates.
Studies of the biological correlates of positive well-being have largely been cross-sectional, so the causal relationship has not been established. It is possible either that sustained positive affect and well-being lead to reduced neuroendocrine, autonomic and immune responses through deactivation of the prefrontal-limbic circuits responsible for stress reactivity, or that biological activation contributes to mood state. Interventions that target either the biological substrate or affective state are required to determine causal processes (Sin and Lyubomirsky, 2009 ). Longitudinal investigations in older age in cohort will also establish the role of these associations in predicting future adaptation and health outcome.
PSYCHOSOCIAL BIOMARKER RESEARCH AND THE LIFE COURSE PERSECTIVE
The potential of psychobiological biomarker research to illuminate connections between the social and economic environment and health and well-being at older ages has been illustrated in this article by studies of contemporaneous exposures. But there is growing evidence for the value of a life course perspective, since earlier experiences impact substantially on biomarkers assessed at later time points. For example, studies of the Dunedin birth cohort have shown that harsh treatment in childhood is associated with the inflammatory marker C-reactive protein at age 32, independently of stress in adult life, adult health and lifestyle factors (Danese et al., 2007) . Similarly, Taylor et al. (2006) showed that low socioeconomic position in early life and a risky (cold and unsupportive) early family environment predicted C-reactive protein at ages 32-47 years. Both child and adult socioeconomic positions are predictors of cortisol rhythms in middle age (Li et al., 2007) , and are related to adult cardiovascular and metabolic risk factors such as abdominal adiposity, fibrinogen and high density lipoprotein cholesterol (Brunner et al., 1999) . It is likely that exposures in middle age also affect biomarker levels in old age. As longitudinal population studies progress into older ages, the impact of earlier social environments and economic circumstances on the progression of biomarker risk and protective profiles will become better understood.
CONCLUSIONS
We are entering a new era of psychosocial biomarker research in population aging studies, when assessments of biological indicators are not confined to clinical and subclinical disease identification, but extend to measures of physiological processes that reflect psychological, social and economic experience. The focused, technically sophisticated studies of fundamental processes in social and affective neuroscience need to be coupled with larger scale work in which associations with health outcomes can be evaluated. Biological measures are relevant not only to risk of disease and frailty, but also to the maintenance of optimal functioning and wellbeing. Social and affective neuroscience and epidemiological psychosocial biomarker research are not only
Psychosocial biomarker research SCAN (2011) complementary research strategies, but also share important methodological issues. A good example is the area statistical modelling, since both disciplines are faced with large and complex multivariate datasets. Techniques such as multilevel and growth curve modelling, data imputation and structural equation modelling are evolving in both fields. The challenges for the next decade are to understand these processes more precisely, so that their implications for sustained well-being and healthy functioning in old age can be put into practice.
